Abstract. MicroRNAs (miRs) have been recognised as important regulators of malignant behaviour in different types of human cancer, including nasopharyngeal carcinoma (NPC). A previous study by our group revealed that miR-185-3p regulates the radioresistance of NPC cells. The present study aimed to investigate the effect of miR-185-3p on NPC invasion and metastasis. Human NPC CNE-2 and 5-8F cell lines were transfected with a miR-185-3p mimic and miR-185-3p inhibitor, respectively, and their effects on the invasion and metastasis of these cells was assessed using a wound healing assay and Matrigel invasion assay. The target gene of miR-185-3p, Wnt family member 2B (WNT2B) was silenced in 5-8F cells using siRNA in order to investigate its function in NPC. Data from the present study demonstrated that the expression of miR-185-3p was the highest in 5-8F and lowest in CNE-2 cells out of a range of NPC cell lines. Following the transfection of miR-185-3p mimic into CNE-2 cells, the wound healing and Matrigel invasion assays indicated that the migration and invasion ability of CNE-2 cells was significantly reduced compared with the negative control group. In addition, the inhibition of miR-185-3p in 5-8F cells significantly increased the capacity for migration and invasion. Furthermore, silencing WNT2B expression resulted in a significant reduction in the invasion and metastasis in 5-8F cells. The inhibition of miR-185-3p, which promotes invasion and metastasis, could be reversed through the silencing of WNT2B in 5-8F cells. The results of the present study indicate that miR-185-3p mediates the invasion and metastasis of NPC by targeting WNT2B in vitro.
Introduction
Nasopharyngeal carcinoma (NPC) is a type of malignant epithelial carcinoma of the head and neck that frequently occurs in Southern China and South-Eastern Asia (1) . Despite advances in radiotherapy, chemotherapy and biological therapy, the overall 5-year survival rate for NPC remains poor (2, 3) . The ability of NPC to metastasize contributes to the poor treatment efficacy (4) . Therefore, investigations into the molecular mechanism underlying the metastasis of NPC are required, to aid in the development of novel therapeutic strategies and improve the prognosis of patients with NPC.
microRNAs (miRNAs/miRs) are small non-coding RNA molecules of between 19 and 25 nucleotides in length (5) . They can interact with the untranslated or coding regions of mRNAs via base paring, which results in alterations in protein expression (6, 7) . Evidence indicates that human miRNAs can function as oncogenes or tumour suppressors, depending on their target genes, in various malignancies (8) . In NPC, multiple miRNAs have been reported to be associated with multiple malignant behaviours, including increased cell proliferation (9) , evasion of apoptosis (10) , radioresistance (11) and chemoresistance (12) . Regarding cell invasion and tumour metastasis, miRNAs, such as miR-744 and miR-26a, can enhance or suppress these activities in NPC by targeting Rho GTPase activating protein 5 or enhancer of zeste 2 polycomb repressive complex 2 subunit, respectively (13, 14) . These findings suggest that miRNAs provide a novel area for the study of NPC invasion and metastasis.
miR-185-3p is defined as the mature miRNA of the precursor miR-185, which is generated from the 3' side (15) . In a previous study by our group, it was revealed that miR-185-3p could regulate the radiosensitivity of NPC cells by targeting the gene Wnt family member 2B (WNT2B) (15) . However, the role of miR-185-3p in the invasion and metastasis of NPC remained unclear. Therefore, the present study aimed to investigate the association between miR-185-3p and the invasion and metastasis of NPC. Transfection of miR-185-3p mimic or inhibitor. CNE-2 and 5-8F cells were seeded (both at a density of 2x10 5 cells/well) into 6-well plates and transfected with an miR-185-3p mimic or inhibitor and negative control (all chemically synthesized by Shanghai GenePharma Co., Ltd., Shanghai, China) using Lipofectamine ® 2000 Transfection reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer's protocol. The sequences for miR-185-3p mimic, inhibitor and negative control were as follows: mimic, sense, 5'-AGG GGC UGG CUU UCC UCU GGU C-3' and antisense, 5'-CCA GAG GAA AGC CAG CCC CUUU-3'; inhibitor, 5'-GAC CAG AGG AAA GCC AGC CCCU-3'; mimic negative control, sense, 5'-UUC UCC GAA CGU GUC ACGUTT-3' and antisense, 5'-ACG UGA CAC GUU CGG AGA ATT-3'; inhibitor negative control, 5'-CAG UAC UUU UGU GUA GUA CAA-3'. The transfection efficiency was assessed using fluorescence microscopy via carboxyl fluorescein labelled miRNA and miRNA expression was evaluated using reverse transcription-quantitative polymerase chain reaction (RT-qPCR) analysis.
Materials and methods

Cell
RT-qPCR analysis. To quantify miRNA expression, total miRNA was extracted using the miRNeasy Mini kit (Qiagen, Inc., Valencia, CA, USA). The All-in-One™ miRNA RT-qPCR Detection kit (GeneCopoeia, Inc., Rockville, MD, USA) was used to reverse transcribe miRNAs and detect the expression of mature miRNAs according to the manufacturer's protocol. The amount of miRNA used for reverse transcription was ~100 ng and this was diluted 5 times for the PCR reaction. Primers for miR-185-3p were purchased from GeneCopoeia, Inc. (cat. no. HmiRQP0246). qPCR was conducted using the iQ5™ Real-time PCR Detection system (Bio-Rad Laboratories, Inc., Hercules, CA, USA). miRNA PCR quantification was conducted using the 2 -ΔΔCq method (16) and normalised to U6. All data are presented as the mean ± standard deviation from experiments performed in triplicate.
Cell migration and invasion assays. Cell migration activity was evaluated using a wound healing assay. A total of 2x10 5 cells were seeded into 6-well plates and cultured for 48 h until 90% confluency, and the cell monolayer was scraped using a 10 µl plastic pipette tip. The lengths of the initial gap at 0 h and the residual gaps at 24-72 h following scraping were calculated using images captured at these time points.
A Matrigel invasion assay was performed according to the manufacturer's protocol. Briefly, 2x10
4 cells with serum-free media were seeded into the top chamber of a two-layer plate, with a Matrigelä-coated membrane (BD Biosciences, San Jose, CA, USA) between the layers and medium containing 10% FBS was added to the lower chamber. Following a 48 h incubation period, non-invading cells on the upper surface of the membrane were removed. Cells on the lower surface of the membrane were fixed with 4% paraformaldehyde, stained with 1% crystal violet and subsequently counted in 5 randomly selected fields under an inverted microscope (Leica Microsystems GmbH, Wetzlar, Germany) at magnification x200. All experiments were performed in triplicate.
Western blot analysis. A total of 72 h following transfection of the cells with WNT2B siRNA (cat. no. stQ0008281, Guangzhou, RiboBio Co., Ltd., Guangzhou, China) and negative control using Lipofectamine ® 2000 Transfection reagent, total protein was extracted using a radioimmunoprecipitation assay lysis buffer (Beyotime Institute of Biotechnology, Shanghai, China) and equal amounts of protein (30 µg) were separated using SDS-PAGE on a 12% gel and transferred onto a nitrocellulose membrane. Membranes were blocked with 5% non-fat milk at room temperature for 1 h. Protein expression was detected through the incubation of the membranes with a polyclonal anti-WNT2B primary antibody (dilution, 1:800; cat. no. bs-1946R; Boiss Inc., Woburn, MA, USA) at 4˚C overnight and washed 3 times for 10 min each in PBS plus 0.1% Tween 20, followed by incubation with a secondary antibody goat anti-rabbit Immunoglobulin G-horseradish peroxidase (dilution, 1:2,000; cat. no. sc-2054; Santa Cruz Biotechnology Inc., Dallas, TX, USA) for 1 h at room temperature. The blots were detected using enhanced chemiluminescence reagent (Beyotime Institute of Biotechnology, Shanghai, China) and exposed in a ChemiDoc MP imaging system (Bio-Rad Laboratories, Inc., Hercules, CA, USA). Anti-β-actin (dilution, 1:1,000; cat. no. sc-130656; Santa Cruz Biotechnology Inc., Dallas, TX, USA) was used as the loading control, and was also incubated 4˚C overnight for the primary antibody and for 1 h at room temperature for the secondary antibody.
Statistical analysis. Data are presented as the mean ± standard deviation. Statistical analyses were performed using a two-tailed Student's t-test between two samples, and a one-way analysis of variance between more than two groups, followed by Tukey's post hoc test. Analyses were performed using SPSS software (version 18.0; SPSS Inc., Chicago, IL, USA). P<0.05 was considered to indicate a statistically significant difference.
Results
Expression of miR-185-3p in NPC cells. RT-qPCR was
performed to measure the expression of miR-185-3p in NPC CNE-1, CNE-2, HNE-1, HNE-2 and 5-8F cells (Fig. 1) . The results revealed that CNE-2 cells had the lowest miR-185-3p expression and that 5-8F cells had the highest miR-185-3p expression relative to U6. Therefore, these two cell lines were selected to use in subsequent experiments.
Overexpression of miR-185-3p inhibits the invasion and metastasis of CNE-2 NPC cells.
An miR-185-3p mimic and negative control (vector) were transfected into CNE-2 cells. A transfection efficiency of 92.2±4.7% was achieved following observation under a fluorescence microscope (Fig. 1A) . The expression of miR-185-3p (mimic) was significantly upregulated by 142.8±24.2 times compared with the negative control group (P<0.01; Fig. 2A ). The wound healing assay revealed that cell migration was significantly inhibited by miR-185-3p mimic transfection compared with the negative control group (healing rate, 20.7±5.8 vs. 51.0±4.4%; P<0.01; Fig. 2B) . The Matrigel invasion assay demonstrated that the number of invading cells was significantly decreased in miR-185-3p mimic-transfected cells compared with the negative control group (29.7±7.1 vs. 62.9±5.7 invading cells; P<0.01; Fig. 2C ). These results demonstrate that the overexpression of miR-185-3p significantly inhibits the migration and invasion of NPC cells, suggesting that miR-185-3p expression has an antimetastasis effect.
Inhibition of miR-185-3p increases the invasion and metastasis of 5-8F NPC cells.
The transfection efficiency of the miR-185-3p inhibitor was 90.6±5.2% and miR-185-3p expression was significantly inhibited by 78.4±3.6% compared with the negative control group (both P<0.01; Fig. 3A) . The wound healing assay demonstrated that cell migration was significantly increased in cells that had been transfected with the miR-185-3p inhibitor compared with the negative control group (healing rate, 46.6±7.8 vs. 17.0±4.4%; P<0.01; Fig. 3B) . The Matrigel invasion assay demonstrated that the number of invading cells was significantly increased in the miR-185-3p inhibitor-transfected cells compared with the negative control group (32.2±6.7 vs. 21.0±3.5 invading cells; P<0.05; Fig. 3C ). These results indicate that miR-185-3p expression increases the invasion and metastasis of NPC cells.
WNT2B affects the invasion and metastasis of NPC cells.
miRNAs exert their function through their effect on target genes. In a previous study by our group, WNT2B was validated as a target gene of miR-185-3p (15) . Thus, the role of WNT2B expression on the invasion and metastasis of NPC was examined by silencing its expression in NPC cells. A WNT2B siRNA and negative control (vector) were transfected into 5-8F cells. Western blot analysis demonstrated that the Wnt2B protein was downregulated in the WNT2B siRNA-transfected cells compared with the control group (Fig. 4A) . In addition, the migration ability of 5-8F Fig. 4C ). These results demonstrate that silencing of WNT2B, a target gene of miR-185-3p, significantly inhibits the invasion and metastasis of NPC cells.
Downregulation of WNT2B reverses the effect of miR-185-3p inhibition on the invasion and metastasis of 5-8F NPC cells.
To further investigate the effects of miR-185-3p and WNT2B on the invasion and metastasis of NPC, WNT2B-targeting siRNA was transfected into 5-8F cells that had also been transfected with an miR-185-3p inhibitor. Cells were also transfected with the vector or miR-185-3p inhibitor alone. The wound healing assay revealed that the significantly increased ability for cell migration following transfection with the miR-185-3p inhibitor (P<0.01 vs. the vector control group) was significantly reversed through WNT2B silencing (healing rate, 63.0±5.5% vs. 29.7±5.1%; P<0.01) (Fig. 5A) . The Matrigel invasion assay demonstrated that the significantly increased number of invading cells following miR-185-3p inhibitor transfection (P<0.01 vs. the vector control group) could be significantly reversed by silencing WNT2B (62.9±5.5 vs. 29.6±5.1; P<0.01) (Fig. 5B) . These results demonstrate that the downregulation of miR-185-3p, which promotes the invasion and metastasis of NPC cells, could be partially reversed through the silencing of WNT2B.
Discussion
Understanding the molecular mechanisms underlying NPC invasion and metastasis is essential for the development of improved therapeutic strategies to treat patients with NPC. With the development of functional genomics, tumour regulatory factors, such as miRNAs, have gradually attracted more attention. miRNAs have been reported to serve an important role in various malignant behaviours, including the invasion and metastasis of NPC (17) . A previous study by our group on NPC radioresistance-associated miRNA profiles revealed that miR-185-3p was downregulated in NPC radioresistant cells. Additionally, it was confirmed that miR-185-3p could regulate the radioresistance of NPC by targeting WNT2B in vitro (15, 18) . The results of the present study indicate that miR-185-3p can target WNT2B to affect the invasion and metastasis of NPC cells. This has aided in the elucidation of the complex molecular mechanisms underlying the invasion and metastasis of NPC.
An miRNA precursor molecule is used to generate two mature miRNAs from the 3' and 5' end, and for miR-185, it was named as miR-185-3p and miR-185-5p, respectively. At present, the majority of studies on miR-185 have focused on miR-185-5p, a tumour suppressor associated with various aspects of cancer progression, such as proliferation, evasion of apoptosis, cell cycle progression and chemoresistance (19) (20) (21) . Furthermore, miR-185-5p can inhibit colorectal cancer cell metastasis via targeting stromal interaction molecule 1 and regulate breast cancer cell invasion by targeting vascular endothelial growth factor A (22, 23) . Regarding the function of miR-185-3p, a previous study demonstrated that miR-185-3p is differentially expressed under hypoxic stress in soft tissue sarcoma cells and that it may be associated with endotoxin-induced myocardial injury (24) . Maussion et al (25) reported that miR-185-3p targets neurotrophic tyrosine kinase receptor 2-T1, the downregulation of which is associated with the neurobiological process underlying suicide. Additionally, miR-185-3p can bind to v-myc avian myelocytomatosis viral oncogene homolog in the cellular growth signalling pathway, inhibiting cell proliferation and arresting cell cycle progression (26) . Functional analyses of the role of miR-185-3p in malignant tumour behaviours were performed in our previous study that investigated NPC radioresistance (15) . In the present study, the role of miR-185-3p in NPC invasion and metastasis was investigated, with results indicating that similarly to miR-185-5p, miR-185-3p functions as a tumour suppressor.
miRNAs primarily pair with the mRNAs of target genes to regulate malignant cancer behaviour. In our previous study, it was identified that WNT2B is the target gene of miR-185-3p (15) . WNT2B, an important oncogene that encodes a component of the Wnt signalling pathway, is located on human chromosome 1p13.2 and is upregulated in various malignant tumours (27, 28) . In pancreatic cancer, increasing WNT2B expression is significantly correlated with perineural invasion and predicts a poor overall survival rate of patients (29) . Furthermore, WNT2B can upregulate the expression of cyclin D1 and β-catenin, and increases the chemoresistance of oral cancer cells to cisplatin (30) . Additionally, silencing WNT2B can inhibit the metastasis of ovarian cancer cells through epithelial-mesenchymal transition (EMT) and the Akt serine/threonine kinase signalling pathway in vitro (31) . These findings illustrate that Wnt2B serves an important role in tumour malignancy. However, to the best of our knowledge, the function of Wnt2B in NPC, regarding its association with NPC radioresistance, has only been reported by our group (15, 32) . In the current study, it was revealed that Wnt2B increases the invasion and metastasis of NPC cells in vitro, which supports future functional studies into the role of WNT2B in NPC.
Investigating the molecular mechanisms underlying the involvement of miR-185-3p and WNT2B in NPC invasion and metastasis aids in the understanding of the pathological progression of NPC. In our previous study, miR-185-3p and WNT2B were demonstrated to regulate the expression of the EMT biomarkers E-cadherin and vimentin (15) . EMT is considered to be a classical mechanism for tumour invasion and metastasis (33) . In addition, EMT is associated with the activation of the Wnt signalling pathway in various types of cancer, such as gastric, pancreatic and colorectal (34) (35) (36) . Furthermore, it was demonstrated that miR-185-3p is able to alter the expression of β-catenin and glycogen synthase kinase-3β (15) , which are essential components of the Wnt signalling pathway. The results of the current study and previous studies lead to the hypothesis that miR-185-3p and Wnt2B regulate NPC invasion and metastasis through EMT and the Wnt signalling pathway. However, further studies are required to confirm this theory.
In conclusion, the results of the present study suggest that the miR-185-3p/WNT2B axis regulates the invasion and metastasis of NPC. Therefore, this axis may be a valuable NPC-associated biomarker and a potential therapeutic target for the treatment of patients with NPC.
